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sntmim 

Tests have been conducted vltli em air-cooled alrcxaft- 
engine cylinder to detemine the effect on tZie knocking tendency 
of cutting out one sparlc plug when the engine la operating at or 
near the knock point with tvo spark plugs firing. 

The results indicate tliat cutting out one spark plug vlll 
not lead to knock but, on the contrary, will actually stop or 
decrease knock that Is occurring with both spark plugs firing. 
The power lost when one spark plug stops firing can be recovered 
by increasing the inlet pressure. In instances In which engine 
failure has occurred and It lias subsequently been found that a 
spark plug had failed, it is possible that the primary failure 
was failure of the spark plug by overheating which caused pre- 
iQnltlon. 



HITEOIJUCTICN 

In the operation of an airplane, the pilot Is interested 
in knowing what possible difficulties might be encountered 
through the accidental cutting out of one spark plug In one 
or more cylinders of the engine. The spark plug may fall during 
take-off or during flight. Such a failure will probably result 
In some loss of power because the effect of cutting out one spark 
plug has an over-all effect on the cooibustlon process slmlleir to 
tliat of retarding the spark. The reason for this fact Is, that 
with two spark plugs mounted approximately diametrically opposite 
in the cylinder, the distance to be traversed by the flame front 
is apprcxlmately half the diameter of the engine chamber. When 
one spark plug ceases firing, the flams front frcm the remaining 
plug must traverse the entire combustion chamber. Ibturally, 



this IncreGLsed dlBtance requlros more ttms to coatplete tbe liumljag. 
If one spark plug Is cut out, there may be sosie question as to 
vbether or not this action vlll have any effect on detonation or 
prelgnltlon vlthla the cylinder. 

Results obtained vlth the MCA. combustion apparatus (refer- 
ence l) and some unpublished engine data obtained at Lan^^ey 
Itemorlal Aeronautical Iiahoratory have Indicated that the Imoclclng 
tendency of the engine Is decreased If one spark plug in a cylinder 
employing two spark plugs diametrically opposed ceases to fire. 
The prdsent report presents additional data on this subject re- 
cordod from tests of a single- cylinder test engine made at IMAL. 

Besults sisllar to those presented In the present report 
have been obtained on on Allison 7-1710-81 multlcyllnder engine 
In tests conducted at the Materiel Center, Army Air ?orces. 



The engine used -was a Wright 1820 0200 cylinder mounted on a 
Cooperative Ihilvcrsal Engine crankcaso. The engine operating condi- 
tions were; 



CompresBlon ratio 7.0 

Valve timing 

Inlet opens, degrees B.T.C 15 

IrJ.et closes, degrees A.E.C 44 

lilzhaust opens, degrees 3.3.C 74 

Exhaust closes, degrees A.T.C. . . 25 

Valvo lift (approi.). Inch 5/8 

Fuel Injected Into raanlfold, 

Injecblon starts, degrees A.T.C 70 

Ignltlcr. timing, both pl'Jgs, degrees B.T.C 20 

Inlot-alr temperature, ISO 

0-il-outlet temperature, 90* 200 

Engine speed, rpm 2000 



Two BG-2g8-GS spark plugs vere used, of which one had a 
chromel-aluma''. thermocouple in the tip of the center electrode. 
Boference fuel S-1 was used. 

The ijjnltion timing vas selected by deterailning the spark 
advarice for noztmum power at a fuel-air ratio of 0.030 and then 
retarding the spark until the power dropped 1 percent. The spark 
timing VELTled about ±0.5° from cycle to cycle. 
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Koodk vas aurally detezniliiad "bj a aloropbana auspamdad above 
the englna. T!be outpizb of the mlorophone was sent through an 
amplifier .and. a hli{lirpaa.B , filter to headphoDea, The method vaa 
dhaoksd against an osolLLograph and against the direct audl1>le 
method and vas found to be entirely reliable. Cheolcs for the 
oocurrenoe of prelgnltlon and afterf Irlng vera made by moaentarlly 
cutting the Ignition svltdh^ but neither prelgoltlan nor after- 
firing vaa encountered during the testa. 

The procedure vas as follows! The engine Inlet pressure 
VEiB raised until the engine vas near the knock point. One spark 
plug vas then cut out and the engine behavior vas observed. 
Other tests vere made vlth the engine knocking vhlle It fired en 
both spark plugs; first one spark plug and then the other vas 
cub out. Following these tests, a series of runs vas made in 
idiioh the engine vas near the knock point idille it operated on 
tvo speurk plugs. One spark plug vas then cut out and the engine 
vas alloved to run for 55 minutes vlthout a change in the amount 
of cooling air or In any other of the set conditions. The tem- 
peratinre of the rear spark-plug bushing vas held at 400® F during 
the run vlth both spark plugs firing. After tlie front spark plug 
vas cut out, all the other conditions vere held constant and the 
temperatures vere allowed to drift. Further tests vere run In 
vhich curves of xwzmissible inlet pressures against the fuel-air 
ratio were detemlned for operation vlth tvo speurk plugs and 
vlth first one and then the other spark plug cut out. The rear 
apark-plug-buahlng temperature vas held at 400° F throughout 
these tests. 

In the knock tests, the knock point was determined and the 
Inlet pressure and the fuel flow vere then dropped to 93 percent 
of the pressure and fuel flow that gave knock for tvo spark 
plugs. Thus, the inlet pressures given are 93 percent of the 
absolute pressure that caused audible knock at that condition. 

A conventional speurk-plug gasket thermocouple vas Installed 
under the rear spark plug for a few of. the latest tests that vere 
run vlth the engine. The temperature Indicated by this thermo- 
couple ranged from 5° F to 20° F lover than the temperature Indl* 
cated by the thezmocouple in the bushing. The difference Is 
noxmally betveen lOP F and 15° F. 
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SrxpplemaribBXj tests liaTS 'been JoaAo to dstexmliie the eff eat 
of speurlc-plug lealrage upon electrode tezrrperature. These tests 
vei'e run on a Lycontlng 0-1230 cylinder vlth the use of a Bendlz 
41 G bottcoFseatlng spark plug. This spark plug had grooves cut 
across the threads -where the center screwed Into the shell wnfl a 
tube vas arranged to caxry^ the lealEage to a point idiere It could 
he collected orer vater. 



AMftLYSIS 

Rothrock and Bleznana (reference 2) have shown that knock 
depends upon the Interrelation of two factors, the end-gjas 
teooperature and the end-gas density. Factors that affect the 
end-gas density and tenporature are the compression ratio, the 
Inlet-alr temperature, the Inlet-alr density, and the particular 
time during the engine cycle at lAilch the peak cylinder pressure 
Is reached. The number of spark plugs firing affects the time 
at vhlch the peak pressure Is reached. 

The spark advance Is known to have a very great effect on 
the knocking terjdency. Feak pressiu^e and temperature are 
usually reached shortly after the piston passes top center; 
em advance In the spark' "brlngB the point of nazlmum pressure 
nearer top center. Thus, the pressure and the temperature cure 
higher than they were before the spark was advanced, and the 
knocking tendency is Increased. Similarly, If the spark Is 
retarded, the peak pressijre and the peak temperature occur 
later In the cycle and are lower, and the knocking tendency 
Is decreased. If an engine Is operating en two speirk plugs 
and one of the spark plugs ceases to fire, the mass rate of 
burning is decreased, the peak pressure occurs later In the 
cycle, and the knocking tendency should be decz^ased. The 
effect should bo the same as If the spark were retarded-. 

The temperature trends of the cylinder head and harrol ' 
are also of Interest, Because late spark timing has the same 
effect on the knocking tendency as a decrease In the ccoipres- 
sion ratio. In that the expansion ratio Is lower, the ex- 
haust gsises vlll leave the cylinder at a higher- temperature; 
and those portions of the engine around the exhaust port, 
and possibly the cylinder barrel, vlll he hotter vbsn the 
burning is later cccrpleted. SoEe portions of the cylinder 
head, however, mlgh't run cooler with a retarded spark. Data 
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obtained "by Trimble azid presented In reference 5 ahoir tliat the 
teiqierature of a tlieimal plug in the cylinder head decreaaes 
as -tha- ccntpreeslan ratio Is. decreased. 

Vhen one spark plug Is out out, Its electrode temperature 
dscreases "because the cccibuBtian geises are elvayB hottest near 
the Ignition source (references 4, 5, and 6). 

Becent unpublished tests of hot spark plugs in a CFR engine 
at UltVL have shown that, for mica- Insulated spark plugs, the 
in su l ation fails at approzlmately the same temperatura that 
causes prelgnltlon. It is therefore' quite possiljle that cases 
of engine failure caused by pre Ignition due to hot spark plugs 
have been attributed to failiu:^ of the Insulation of the spark 
plug, a falliire that vould be noted vhen the engine vas torn 
down for inspection. 

It is etraphaslzed that the experlnientB reported heroin vere 
conducted in order to determine the effect of cutting out one 
spark plug without a change In the ignition advance. No at- 
tempt was made to determine the effect on the knocking tendency 
of adjusting tlio spark advance for the single spark plug to tho 
optimum setting. 

Bicardo (reference 7) has reported tests with the E-35 
engine. In which he varied, both the number and location of the 
spark plugs and deteimlned the highest useful ccmpression ratio 
for each combination. In each case, Bicardo 's tests were run 
with the spark timing set at the optimum for that particular 
number and location of spark plugs; that is, a greater spark 
advance was used with one spark plug than with two spark plugs. 
In gonoral, he found that, when the spark timing was set at 
the optimum, the highest useful compression ratio with one 
spark plug firing was somevhat lower than was the case with 
two spark plugs firing. 



BESDLTS AND DIBCUSSIGIN 

The results of the first test, in which one spark plug was 
out out, are given in table I. The hehavior of the engine tem- 
peratures is CLuite in accord with expectation as outlined In 
the analysis. The retarded cambustlon with only one spark plug 
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firing lead to a lover expaoslon ratio and hotter exhaust gases. 
The ezhaust- valve guide vas therefore hotter. The head tempera- 
turoB decreased, shovlzig the same trend as Trimble 's data 
(reference 3), In which a decrease In cQnrpresslon ratio led to 
a decrease in tl:e thexiDal-pli!g teiiperatureB. The harrel tempera- 
ture remained constant. 

The engine was then brought up to the knock point and first 
one spark plug and then the other ^las c'lt out. The results are 
given In taole II. Although the engine -was knocking with "both 
spark plijgs firing, the knock stopped vlien either spark plug 
was cut out. The tei3perat:u:« data Tfere taken about 5 minutes 
after tie spark plug was cut out. All of the temperatures 
dropped except the exhaust- valve- guide temperature and the 
tempei^ature. of the rear of the middle of the barrel, which 
shoved a temperature rise of 2° 7 with onlj'' the front spark 
plug firir^. 

A more coisplete series of tests was then made In which 
the engine \m.a hroi'ght to the knock point at a fuel-air ratio 
Of 0.062, the inlet pz^ssui'o and fuel flow were dropped 7 per- 
cent, the front spark plug v&b cut out, and the temperatures 
were allowed to drift for 55 mlnuten with the engine running. 
Figures 1 to 4 show the results of this Borlos of tests. All 
of the head temperatureo (fig. 1) di-opped «icept that of the 
exhaust- valve guide. All of the barrel teicperat'ores (fig. S) 
dropped except thoso of the front of the barrel. At the end 
of 10 minutes the piston teraperature (flG. 3), taken at the 
exhaust end zone, that is, under the exhaust valve, had dropped 
aljcut 30° 7} and it remained constant for the rest of the run. 
All flange tOTiparat'jres (fig. 3) dropped. Before this series 
of testa was made, the spark-plug-electrodo thermocouple had 
hecoEie shorted at a point soQS'nhat above the tip of the elec- 
trode, end the values recorded are about half those noncally 
encountei'ed . 1P:.e trend, however, la the same as is encountered 
vhon the thermoccjple is roadlrig properly. Invarlaljly, the 
instant the spark plug Is cut out, the elootrcde tecporature 
dvopa vorj markedly (fig. 5)' This effect is in accord with 
the anal^-sla. The indlcatod thorcal efficiency (fig. 3) de- 
creased TTJion one spark plu-j was cut out and continued to fall 
throughout the run. The indicated fuel conauicption (fig. 4) 
Increaeod sllgiitly when the spark plug was cut out and kept 
on Increuslr^ as the indicated moan effective pressure dropped 
and kept on dropping. 
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Anotlior series of tests vas nade to detenalne vhstlisr the 
poorer lost TAen one spark pluc was out out could "be recoveiHjd 
vlt]»}ut laxook by .iVioi-eaalns the. izilot pressure. Buns vere made 
at varloi'is fusl-alr ratios ranging frm. f oLl' rlob to Tery lean 
at 93 percent of the Inlet pressure that caused knock with tvo 
spark plugs firing. 

The maxlmuoL |>erznlsslble Inlet pressure, the mazlmum pezmls- 
slhle Indicated mean effective pressure (except at the rich and. 
lean ends of the curve), and the maxlmuEi permissible air weights 
per cycle (fig. 5} were all higher with one spark plug than with 
t^io. The probable reason for tlie lower Indicated mean effective 
presBinro at rich and lean mixtures Is the greater difficulty In 
getting good Ignition xrlth only one spark plug. The Indicated, 
specific fuel consumption vaa higher with the one speurk plug. 
It is Interesting to note frcm figure 5, that, when the engine 
was operating at an Indicated cean effective pressure of 180 
pounds per square Inch, a lcrF;er fuel consunptjon (0,435, point B) 
was pezsilsslble vith only the roar spark pljg firing than with 
both spark plugs firing (0,4Q0, point A). Tl-.ls statement Is In 
accord vlth the fact that, If the compreaslon ratio of the on^ 
gins Is such that a rich silxture Is req.ulred to suppress knock, 
a lower mlnlmMm permissible fuel-air ratio and a lor/er specific 
fuel consumption can be had by decreasing the ccmpresslan ratio 
or retsuxLixig the spark. 

Figure 6 shovs that the temperature of the electrode In 
the front spark plug docraasod about 100° F vhen the spark 
plug was cut out. The teraperaturcs were again too low as men- 
tioned prevlO'-ialy. Piston tenperature with only the rear spark 
plug firing (fig. 7) was approximately 30° F lower than with 
both spark plugs firing, and flange teicperatures wore from 2° F 
to G° F lower when onl;'- the roa." spark plug was firing. With 
the exception of the toooporatures of the exhaust-valve guide 
and of the positions near the exhaust valve, the general trend 
of the cylinder-head tonperatures was lower vhen only the reeur 
spark plug was firing (fig. 8) , 

Indicated thennal efficiencies (fig. 9) were lower when 
the engine was operating on only the rear spark plug. Although 
the trend of the barrel ■ temperatures was not very definite. It 
may be seen that only slight dlffererjces exist between the two 
condltlans Investigated. The barrel tomperatures Just under 
the head are shown in figure 10 with the temperature of the 
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rear spark plug plotted for ooraparlson. The temperature of the 
roar spark-plug bushing vas held as near 400° F as posslhle "by 
yarylng the ooolli]g-~alr yeloolty. The temperatures vlth one 
spark plug firing are In general slightly higher than vlth hoth 
spark plugs firing. 

Huns similar to those illustrated In figures 5 to 10 wBro 
Bade vlth the front spark plug firing Instead of the reetr spark 
plug. The results vlth tvo spark plugs firing and the results 
Trt-th onlj the front spark plug firing are ocnipared In figures 11 
to 16 and show trends similar to those shown in figures 5 to 10. 

Care should be ezercisnd In the Interpretation of the tem- 
perature data given In figures 5 to 16. Inasmuch as the rear 
spark-plug bushing vas hold at 400° F during the tests (except 
at seme points at rich mjjjturos, for which the coollng-alr 
pressure of 8am.e of the testa could not be reduced sufficiently 
to maintain the temperature of the rear spark-plug bushing), the 
trends shown ij the tersperatures of the other points In the cylin- 
der represent only the manner In which these temperatures change 
iri-th respect to the roar spai-k -plug-bushing temperature as engine 
conditions ere changed. Thus, the fact that the barrel and head 
ton5>eratures s1iot,ti for operation with the front spark plug only 
(figs. ISf 15, and 16) are Iilgher than those for operation either 
with bcth spai'k plugs or irtth only the rear spark plug Is readily 
explained as follows: It Is known that the gas temperatures In 
the combustion chamber of an engine are highest In the part of 
the chamber nearest the spark plug (refezrence 5). In an engine 
operating on two spark plugs, therefore, when one spark plug Is 
cut out, the temperature of the entire region around that spark 
plug ^flll drop. This result Is shown also by the fall In tem- 
perature of the spark-plug electrode. In the case In irtilch the 
reetr spark plug Is cut out, the temperature of the spark-plug 
bushing dropped. The reference point for controlling the engine 
t*;mp3ratureB Is the rear spark-plug bushirig; the coollng-alr 
pressure drop was therefore reduced to bring the bushing tam- 
poraturo back to 400° F, and the tesiporatures of the other parts 
of the engine rose to hlglier values than were encountered with 
two- spark-plug operation. The true criterion of the temperature 
trends when one cpark plug Is cut out Is found in tables I and II; 
In figures 1 to 3, for idilch the coollng-alr pressure drop vas not 
c^.anced; and in figure 17, which shows the cooling-air pressure 
drop across the engine cowling necessary to maintain the tempera- 
ture of the rear epark-pli'ig bushing at 400° F for the four series 
of runs sliom in figures 5 and 11. 
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It 1b "believed, that engine failures^ attributed to taioolc^ 
vhlch bare "been accompGLnled tj spai'k-plug failure, slioiild be 
attributed to spark-plug failure through orarboatlzig atid ocia- 
Beguent prelgaltlon, rather than, to failure because the sparlE 
plug ceased firing. Pre ignition Itself wey cause knock:, but 
It should be esiphaslzed that the primary failure la then pre- 
Igoltlon and not knock, 

A spark plug nay beccEnd orerhcated If a gas leak occurs 
In the epark plug. In order to detexmlne this effect, sosne 
teats have been run with a Lrocmlng 0-1230 cylinder vlth an 

artlflclaULy Induced leak around the center electrode of one 
spark plug. A thermocouple -was Installed In the tip of the 
center electrode. The results of these tests are sutanarlEed 
In table III. 7he data of table III ehow that leakage near 
the center electrode of the spark p2.ug raises Its teenperature 
decldely vhen the leakage rate Is of the order shown. Leakage 
of 1 sublc centimeter po:* minute -Has assimed to be nogll{5lble. 
According to the data listed, the leakp.ge rate of 65 cubic 
centimeters per minute caused exi Increase in centor-olectrode 
iecrperature roughly comparable with the Increase caused, by on 
Inci-ea.ge of about 10 inclies of icerciury In Inlet-alr pressiire. 
The pormlaslble rate of leakage for new mica spark plugs Is 
1/2 cubic centimeter per m.lnu.te at a pressure of 150 pounds 
per square Inch. 



CQUCLUSIOnS 

7he data presented herein indicate that for the spark 
tlMng as used In present aircraft engines In which the 
spark advance Is gonerally set for slightly less than best 
power: 

1. Tho cutting out of one spark plug will not lead to 
engine knock or prolgnltlon but, on the contrary, will actrally 
stop or deoreaso knock that Is occurring with both spark plugs 
firing. 

2, If one spark plug stops firing, tho power thus lost 
can bo recovered, without danger frcm knock, by increasing 
the Inlet pressure. Some loss of thennal efficiency and, 
hence, scsae increase of specific fuel consumption Is encountered 
by this procedure. 
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3, la Insbances In vblch engine failure has occinrred and 
it has BubQeq,uently heen found that a spark plug had failed.^ It 
Is possible that the prliDar3r failure ims failure of the spark 
plug hy orerhoatlng vhlch caused pre Ignition, 
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MD WISH miBT SPARE FLa& FIBUTa 

[Wright Gm200 CT-llnder; eaa^lne ^cod, 2l.!00 xpm; conipresBioxi 
ratio, 7.0; jfuel, S^; spark sj&ranco, 20° B.T.C.; Izdet 
pr&BBaxe» 93 percent of proaearo causing knock for two 
spark plTi^s; inlot-alr tostperature, 1^0° 
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Figure 1.- Trend of cylinder-head temperatures after front spark plug 
was cut out. Wright Cr-200 cylinder; engine speed, 2000 rpm; 
compression ratio, 7.0; fuel, S-1; spark advance, 20°? inlet pressure, 
93 percent of pressure causing knock for two spark plugs; inlet-air 
temperature , ISO^S" . 
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Figure 2.- Trend of barrel temperatures after front spark plug was cut 
out. Wright G-SOO cylinder; engine speed, 2000 rpmj compres- 
sion ratio, 7.0; fuel, S-1; spark advance, 20°; inlet pressxire, 93 per- 
cent of pressure causing knock for two sparkplugs; inlet-air temper- 
ature, 1500P. 
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Time after spark; plug was cut out, min 

Pigare 3»- Trend of piston temperaturs, flange temperatures, front sparlE- 
plug- electrode temperature, and indicated thermal efficiency 

after front spark plug was cut out. Wright (J-200 cylinder i engine speed, 
2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance, 20°; inlet 
pressure, 93 percent of pressure causing knock for two spark plxigs; 
inlet-air temperature, 150°P. 
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i'lgare 4.- Inlet pressures, indicated specific fuel consumption, indicated 

mean effective pressure, and air weight per cycle after front 
spark plug was cut out. Wright G-200 cylinder j engine speed, 2000 rpm; com- 
pression ratio, 7.0 I fuel, S-1; spark advance, 20° j inlet pressure, 93 per- 
cent of pressure causing knock for two spark plugs i inlet-air temperature, 
ISOOP. 
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Pigvire 5.- Comparison of permissible inlet pressure, indicated specific 

fuel consTomption, maximum permissible indicated mean effective 
pressTire, and air weight per cycle with rear spark plug firing and with 
both spark plugs firing. Wright G-200 cylinder; engine speed, 2000 rpm; 
compression ratio, 7,0; fuel, S-1; spark advance, 20° i inlet pressure, 
95 percent of knock; inlet-air temperature, 150°F; temperature of rear 
spark-plug bushing, 400°P. 
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Figure 6.- Comparison of temperature trend of front spark-plug electrode 
with rear spark plug firing and with both spark plugs firing. 
Wright 0-300 cylinder; engine speed, 2000 rpmi conipression ratio, 7.0; 
fuel, S-li spark advance, 20°; inlet pressure, 93 percent of knock; 
inlet-air temperature, 150<*Ii temperature of rear spark-plug bushing, 

4ooqp. 
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Figure 7.- Comparison of piston and flange tempera tures with rear spark 

plug firing and with both spark plugs firing. Wright G-200 
cylinder; engine speed, 2000 rpm; compression ratio, 7.0; fuel, S-1; 
spark advance, 20°; inlet pressure, 93 percent of Icnock; inlet-air tem- 
perature, 150°P; temperature of rear spark-plug "bushing, 400®f . 
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Figure 8.- Comparison of cylinder-head temperatures with rear spark plug 

firing and with both spark plugs firing. Wright G-200 cylinderi 
enirine speed, 2000 rpmj compression ratio, 7.0; fuel, S-1; spark advance, 
SO'*; inlet pressure, 93 percent of knock; inlet-air temperature, 1500Ft 
temperature of rear spark-plug bushing, 400 PP. 
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Figuxe 9>- Comparison of indicated thermal efficiencies and barrel tem- 
peratures with rear spark plug firing and with both spark 
pl-ugs firing. Wright G-200 cylinder; engine speed, SOOO rpm; compres- 
sion ratio, 7. Of fuel, S-1; spark advance, 20°; inlet pressure, 93 per- 
cent of knock; inlet-air temperature, 1509P; temperature of rear spark- 
plug hushing, ^OO^S". 
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Figare 10.- Comparison of "barrel temperatures with rear spark plug 

firing and with both spark plugs firing. Wright G-200 
cylinder; engine speed, 2000 rpm; compression ratio, 7.0i fuel, S-1; 
spark advance, 20Oj inlet pressure, 93 percent of knock; inlet-air 
temperature, 150**P; temperature of rear spark-plug hushing, 400°F. 
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Figure 11.- Comparison of maximum permissible inlet preesure, indicated 

specific fuel cons-umption, and maximum permissible indicated 
mean effective pressure with front spark plug firing and with "both spark 
plugs firing. Wright G-200 cylinder; engine speed, 2000 rpm; compression 
ratio, 7.0; fuel, S-1; spark advance, 20° j inlet pres-suxe, 93 percent of 
knock; inlst-air temperature, 150®Pj temperature of rear spark-plug 'bush- 
ing, 4000?. 
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Figure 12.- Comparison of spark-plug-electrode temperatxires, indicated 

thermal efficiencies i and temperatures of two places in cyl- 
inder head, with front spark plug firing and with hoth spark plugs firing. 
Wright (t-200 cylinder; engine speed, 2000 rpmj compression ratio, V.Qj 
fuel, S-1; spark advance, 20**; inlet pressure, 90 percent of knock; inlet- 
air temperature, 150°Pj temperature of rear spark-plug Inishihg, 400°r. 
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Figure 13.- Comparison of cylinder-head temperatures with front spark plug 
firing and with hoth spark plugs firing. Wright G-200 cylinder; 
engine speed, 2000 rpm; compression ratio, 7,0; fuel, S-1; spark advance, 
20°; inlet pressure, 93 percent of knock; inlet-air teinperatxire, 150^^"; 
temperature of rear spark-plug liushing, 400°F. 
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Figure 14.- Comparison of flange temperatures with front spark plug firing 

and with hoth spark plugs firing. Wright 0-200 cylindert engine 
speed, 2000 irpm; compression ratio, 7.0; fuel, S-1; spark advance, 20**t 
inlet pressure, 93 percent of knocki inlet-air temperature, ISO**?; temper- 
ature of rear spark-plug hushing, 400 
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Figure 15.- Comparison of barrel temperatures with front spark plug 

firing and with both spark plugs firing. Wright G-200 
cylinder; engine speed, 2000 rpm; compression ratio, 7.0i fuel, S-1; 
spark advance, 20**; inlet pressure, 93 percent of knockj inlet-air 
temperature, 150**Pj temperature of rear spark-plug "bushing, 400*^. 
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Figure 16.- CompariBon of barrel temperatures with front spark plug firing 

and with hoth sparlc pluga firing. Wright (J-200 cylinderj 
engine speed, 2000 rpn; compression ratio, 7.0% fuel, S-lt spark advance, 
20° I inlet pressure, 93 percent of knock; inlet-air temperature, ISO'Ti 
temperature of rear spark-plug hushing, 400°P. 
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Figure Cooling-air pressure drop necessary to maintain rear spark- 

pliog iJiishing at 400"?. Wright G-200 cylinder; engine speed, 
2000 rpm; compression ratio, 7.0; fuel, S-1; spark advance, 80°j inlet 
pressure, 93 percent of knock; inlet-air temperature, ISOOl"; cooling- 
air temperature, 87°I to 92°1P. 



